18 Brucella spp. is a zoonotic bacterial agent of high public health and socio-economic importance. It 19 infects many species of animals including wildlife, and people may get exposed through direct 20 contact with an infected animal or consumption of raw or undercooked animal products. We 21 implemented a linked livestock-human cross-sectional study to determine seroprevalences and risk 22 factors of Brucella spp. in livestock and humans. We also estimated intra-cluster correlation 23 coefficients (ICCs) for these observations at the household and village levels.
156 157 Up to 20 animals were randomly selected in each household/herd for sampling. Selected animals 158 were manually restrained, and blood collected by jugular venipuncture using a vacutainer needle.
159 Plain and EDTA-coated bar-coded vacutainer tubes were each used to collect 5-10ml of blood.
160 Serum was extracted from the plain vacutainer tube at the end of each day at the local livestock 161 office by centrifuging clotted blood at 3,000 rotations per minute for 5 minutes. Extracted serum 162 sample was transferred using sterile Pasteur pipettes into 2ml sterile bar-coded cryovials. Whole 163 blood from EDTA-coated vacutainer tubes was also transferred to 2ml sterile bar-coded 164 cryovials. These samples were stored and transported in dry ice to ILRI Biorepository Unit in 165 Nairobi. Serum and blood samples for each animal were prepared in duplicates.
166
167 Human sampling 168 169 A short questionnaire was administered to each subject after the consent process to collect data on 170 age, sex, occupation (farmer, pastoralist, herder, or student) and highest level of education attained.
171 To define occupation, farmers included individuals who grew crops or kept livestock under 172 sedentary production system particularly in the irrigated areas; pastoralists included individuals who 173 kept livestock as a the main source of livelihood and grazed them in communal grazing sites; herders 174 included people that were employed to look after other people's livestock; and students included 175 household members who were in school or college at the time of sampling. These questionnaires 176 were also administered using ODK forms downloaded to smart phones. 177 178 Subjects were prepared for blood sampling by being seated in a comfortable position. The hand 179 used for blood collection was supported and a tourniquet applied above the elbow to distend the 180 veins. The blood collection site was then disinfected using alcohol swabs and an appropriate 181 vacutainer needle (21G for adults and 23G for children) used together with 10ml bar-coded plain 182 and EDTA-coated vacutainer tubes used to collect blood. Each tube was used to collect 5 ml of 183 blood. When adequate blood samples had been obtained, the tourniquet then the needle were 184 removed gently and carefully disposed in the sharps container without recapping and gentle 185 pressure applied to the puncture site for 30 seconds using a cotton swab. The swab was later 186 disposed of and elastoplast ® applied to the punctured site. Whole blood from EDTA-coated 187 tubes and serum extracted from plain vacutainer tubes were each transferred to 2ml sterile bar-188 coded cryovials at the local health centres. These samples were kept and transported in dry ice to 212 Data collected were uploaded to the ILRI server at the end of each day using internet-enabled smart 213 phones. Each data file was saved as a comma delimited file (.csv). They were exported to Microsoft 214 Access 2010 for cleaning and merging, and finally to STATA version 13 for analysis.
215
216 Both livestock and human data were subjected to similar descriptive and inferential statistics.
217 Descriptive analyses commenced with the determination of the overall frequencies and prevalence 218 (with 95% confidence interval) of seropositive subjects in animals and humans. These estimates 219 were further stratified by all the categorical variables. For livestock data, categorical variables 220 included species (cattle, sheep or goats), sex, age (calf/lamb/kid, weaner or adult), area (Bura or 221 Hola) and land use (pastoralism or irrigation), while for human data these were sex, age (<17 years, 222 18-40 years or >40 years), occupation (pastoralism, farmer, student, other [e.g. business, housewife, 223 chief, etc.]), location (Ijara, Sangailu, Bura and Hola) and land use (pastoralism or irrigation).
224 Occupation was collapsed into the four levels defined above because the original form of the 225 variable had up to 13 levels with some of them having sparse data. Age (from the human data) was 226 also recoded into a 3-level categorical variable because the original form, which was captured as a 227 continuous variable, did not satisfy the linearity assumption during modelling (described below). To 228 determine the relationship between seropositivity in livestock and humans at the household level, a 229 dummy variable was created from livestock seropositivity data (from Tana River County) to indicate 230 whether there was at least one seropositive animal in a given household (value = 1) or not (value = 231 0). This was then merged with the human data using the household ID as the primary key. 232 233 Univariable logistic regression models were fitted to each dataset to identify unconditional 234 association between each of these variables with their respective outcomes (Brucella spp. exposure 235 status in animals and humans). Multivariable random effects logistic regression models were fitted to 236 these data through a combination of backward-forward variable selection technique with α=0.05.
237 The analysis used melogit command in STATA, with the default integration method and points (i.e., 238 mean-variance adaptive Gauss-Hermite quadrature and 7, respectively). The analyses commenced 239 with a saturated model that was systematically reduced by removing variables (both fixed and 240 random effects) that had a p value > 0.05 based on likelihood ratio test (lrtest). The ICCs were 241 generated using the command estat icc. Deviance residuals and fitted values were generated and 242 used to evaluate the final models developed. 249 Protocols used for human sampling were reviewed and approved by AMREF Ethics and Scientific 250 Review Committee (with a reference number: P65/2013). On the day of sampling, selected subjects 251 were taken through the consent process by a local clinician before being sampled in presence of a 252 witness identified by the subject. They also gave a written consent -one copy of the signed consent 253 form was kept by the clinician while another was kept by the subject. If the subject was a child aged 254 5-12 years, only the parent's consent was obtained. If the selected individual was a child between 255 13-17 years of age, the subject's assent was taken together with that of the parent or guardian. For 256 adults (18 years or more), personal consents were required. All these processes required the presence 257 of a witness who verified that adequate information on the research was provided and subjects 258 participated in the research voluntarily. 298 antibodies. The overall seroprevalence in Hola (2.64%, 95% CI: 1.81 -3.47%) was significantly 299 lower than that in Bura (5.29%, 95% CI: 3.48 -7.12). The seroprevalences in cattle, goats and sheep 300 were 6.35% (95% CI: 4.06 -8.63%), 3.33% (2.19 -4.47%) and 1.44% (0.51 -2.38%). These 301 estimates were stratified by sex, age, area and land use (pastoral verses irrigation and the results are 302 given in Table 1.  303 304 Humans 305 Using all the data from the four sites, 366 subjects (35.81%, 95% CI: 32.87 -38.84%) were 306 seropositive for Brucella spp. Table 2 gives the distribution of these cases by the five independent 307 factors considered. The table also show similar results with reduced data set from two sites in Tana 308 River County. In both cases, males had higher prevalence than females and age was also positively 309 associated with increased levels of exposure. Regarding occupation, pastoralists had higher 310 seroprevalence than farmers, students or other occupations (including business, formal employment, 311 etc). The results further show that of the four areas sampled, Sangailu had the highest seroprevalence 312 of 54.13%, followed by Ijara, Hola and Bura with 47.39%, 26.46 and 18.83% seroprevalences, 313 respectively. 314 325 were significant as fixed effects while household ID and village ID were significant as random 326 effects. Sex was not significant (p= 0.23) and so this variable was not used in the subsequent 327 multivariable analyses. Herd size at the household level was also significant. This variable was used 328 as a continuous variable since it satisfied conditions for the linearity assumption. 329 330 Regarding human data, all the independent variables listed in Table 2 were significant in univariable 331 analyses. An additional variable (family size) was included in this analysis but it was found to be 332 non-significant. It was therefore not considered for the subsequent multivariable analyses.
333 Comparable results were obtained for the two sets of data described in Table 3 gives the results of final mixed effects logistic regression model fitted to the livestock data.
340 Two significant fixed effects variables were age of the animal and area (though this is barely 341 significant at 95% confidence). We found an ordinal increase in the risk of exposure with age, while 342 for area, an animal from Bura was 3.73 times more likely to be exposed to Brucella spp. than that 343 from Hola. Land use and herd size were not significant in this model. A model used to investigate 344 interactions between age and area did not converge. 
